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RE: Assessment on the Causes of Hypoxia in the Gulf of Mexico
To Whom It May Concern:

The Kentucky Farm Bureau and its over 400,000 member families, support and submit for
review the enclosed comments in response to the Gulf of Mexico Hypoxia Working Group’s
assessment on the causes of Hypoxia in the Gulf of Mexico. The American Farm Bureau

. Federation prepared these technical comments at the request of and on behalf of its member state
Farm Bureaus

Kentucky Farm Bureau urges the Gulf of Mexico Hypoxia Working Group to thoroughly review
this document. We very strongly believe that our comments and suggestions are well-formulated
scientific principles for the protection of United States coastal waters. Our membership expects
that the Gulf of Mexico Hypoxia Working Group and the National Centers for Coastal Ocean
Science will use extreme care in assessing the potential causes of Hypoxia and in making any
formal recommendations that adversely affect agricultural activities. Thank you for your
consideration of our comments.

g [ eore

Sam Moore

President

SMurtf

Enclosures 1

cc:  Kentucky Congressional Delegation; Ira Linville; John Mark Hack

Smcerely,

“Voice of Kentucky Agriculture”




Gulf of Mexico Hypoxia Working Group

National Centers for Coastal Ocean Science
WS 13446 SSMC4

1305 East-West Highway

Silver Spring, MD 20910

A significant mumber of the American Farm Bureau Federation’s five million members live and
farm within the Mississippi River Basin. We appreciate the opportunity to respond to the six
topical scientific reports requested by the National Science and Technology Council’s Committee
On Environment and Natural Resources (CENR) for an assessment on the causes of hypoxia in
the Gulf of Mexico. Any policies promulgated, as a result of this report will have an immediate,
and possibly profound, impact on the majority of our members..

Attached are a number of specific responses related to the six topic reports. First, we will make
some overall comments about the CENR reports and the recommendations submitted. Then we
will go back and go over the reports starting with Topic 1.

While there has been a significant amount of work by the scientists who prepared these reports,
the reports themselves raise as many questions as they provide answers.

The first and perhaps overriding issue is the impact of the hypoxic zone on the fisheries of the
Guif of Mexico. According to Topic 2: '

“1)  There is no discernable, measurable, or documentable “detrimental
ecological and economic effects” to the Gulf environment or its
fisheries from hypoxia. (Topic 2, p. 52);

2)  Even during the recent unprecedented extremes in hypoxic conditions (1993-97),
Louisiana’s coastal fisheries flourished, maintaining “energy flow to productive
fisheries (crabs and shrimps) that depend on the bottom.” (Topic2,p.9);

3) Such ecosystem disturbances in the shallow cdntinental shelf
as can be documented are as likely to be the result of trawling
or “other sources of stress.” (Topic 2, p. 50).”

These quotes reflects the very challenging aspect of the Gulf of Mexico hypoxia issue. The
question remains of whether hypoxic zone will ever have any measurable impact oo the people
and the economies of the areas in and surrounding the Guif of Mexico? The indication from this
exhaustive research is that it has not had an impact in the past which means it most likely will not '
have an impact in the foreseeable future. While some would stop at this point and suggest it is
not necessary to pursue this issue further, we believe that there are other important questions that
need to be addressed.

Tuming next to Topic #1. There are several important issues that need more research and
explanation. For example, Carey notes that there was an upward shift in the mean water flow



into the Gulf of Mexico in 1967. From 1967 to 1995, the mean flow discharge that’s measured at
Vicksburg was 11% greater than the mean flow prior to that time. (page 33-Figure 18).
However, Report 3 states that streamflow in the Mississippi River increased about 30% during
1970-83. There are a number of possible physical reasons for the increase in the Mississippi
River discharge. They range from an increase in the precipitation in the watershed to changes in
the river flow as a result of engineering changes along the river. Irespective of the cause, there
is widespread evidence that the flow has increased.

On the other hand, the nitrate concentration levels in the water have stabilized, if not actually
declined in recent years, it is to the extent that the nitrate flux has increased in recent years that is
due to solely to the increase in the flow of water to the Guif of Mexico.

Another important issue is the question of which nutrients play a role in the hypoxia zone. In the
Topic 1 Report, authors focus almost exclusively on the role of nitrogen. This overlooks another
important nutrient source, organic carbon. Organic carbon is necessary for the onset of hypoxia
in the bottom waters and sediments so that respiration of this carbon reduces oxygen
concentrations to the levels that are hypoxic. It is difficult to determine whether nutrients and the
eutrophication paradigm, river-borne organic carbon, or more likely a combination of both
marine and terrestrial organic carbon that fuels the decline in bottom water oxygen concentration.
(See attached review of this issue.)

Unfortunately, the authors of Topic 1 have focused almost exctusively on the nitrogen issue.
Other rescarchers are of the opinion that determining the source of organic carbon fueling
hypoxia is critical for management decisions related to the hypoxic zone. This issue must be
thoroughly rescarched and reviewed prior to taking any precipitous action regarding nitrogen.
Topic 1
This report is a significant contribution to the body of knowledge regarding hypoxia on the
Louisiana/Texas continental shelf. In this review we will provide an overview of the report and
" discuss the strengths and weaknesses of the data. Alternate interpretations of the data, especially
as regards the role of terrestrial organic carbon, will draw heavily from a recently published
report on the issue at the University of Alabama (Carey et al. 1999).

Statement of the Problem

World-wide, nutrient over-enrichment (eutrophication) is a critical management issue in coastal
environments as a result of the negative effect that it has on water quality parameters such as
bottom water oxygen concentrations and light attenuation, as well as commercial fishery harvest
and the recreational and aesthetic value of these ecosystems. Changes in the magnitude and
timing of nutrient loading, primarily nitrogen (N), caused by watershed land-use alterations and
combustion of fossil fuels are likely to have a significant impact on coastal ecosystem health as a
result of their effects on biogeochemical processes and food web dynamics in these ecosystems
(Rabalais et al. 1996; Vitousek et al. 1997).

The hypoxia issue in the northern Gulf of Mexico and hence management issues concerning
nutrient runoff are rooted in the “eutrophication paradigm”. The paradigm is a simple sequence
of processes that occur in aquatic and marine ecosystems that are experiencing elevated rates of
nutrient, nitrogen or phosphorus, loading. Incoming nutrient enhances rates of primary
production which is equivalent to organic carbon production. The organic carbon then sinks



from the surface to the bottom where it is decomposed primarily by bacteria. The bacteria utilize
oxygen during the decomposition process and if the water column is stratified, i.e. no mixing of
oxygen from the atmosphere to the bottom waters, this microbial respiration may reduce oxygen
concentrations to levels of hypoxia or anoxia (zero oxygen concentration). An important point
is that hypoxia cannot occur without stratification, regardless of the nutrient load.

In the northern Gulf of Mexico the Mississippi/Atchafalaya River system delivers an average of
580 km® of freshwater per year to the northern Gulf of Mexico. This freshwater disperses over
the denser Gulf of Mexico salt water causing water-column stratification. During the late fall,
winter, and early spring the frequent passage of storms impart sufficient energy to disrupt this
stratification and mix the water column. During the summer, however, storms are infrequent and -
stratification may persist for months at a time. During this period of stratification, hypoxic

bottom waters form as a result of microbial respiration of organic matter and lack of surface and
bottom water mixing. Once the passage of strong storms resume, stratification is disrupted and
hypoxic conditions cease. Further exacerbating the duration of stratification is the low tidal
mixing energy in the Gulf of Mexico. Thus, physical factors make this region highly susceptible
to water-column stratification and subsequently the onset and maintenance of hypoxia.

The other ingredient needed for the onset of hypoxia is a sufficient amount of organic carbon in
the bottom waters and sediments so that respiration of this carbon reduces oxygen concentrations
to levels of hypoxia. In the eutrophication paradigm, this excess of organic carbon is derived
from primary production sinking from the surface waters. This is based on work primarily in
lakes and coastal regions receiving high nutrient loads, but not receiving high rates of organic
carbon loading from the watershed. The Mississippi River, however, carries a large load of both
nutrients and organic carbon that are input directly to the region where hypoxia forms. Thus, it
is difficult to determine whether it is nutrients and the eutrophication paradigm, river-
borne organic carbon, or more likely a combination of both marine and terrestrial organic
carbon that fuels the decline in bottom water oxygen concentration.

This question would be much easier to answer if long term Mississippi River nutrient and
organic flux data, long-term records of hypoxia, and a better understanding of the mechanisms
regulating the vertical flux of both marine and terrestrial organic carbon to bottom waters were in
place. As determining the source of organic carbon fueling hypoxia is critical for management
decisions we will focus our remarks on this issue for the majority of the review of Topic 1.

Review Comments

Page. xv. The report indicates that nitrate concentrations have doubled or tripled since the 1950s
to 1960s. The authors admit that nitrate concentrations have stabilized but that trends are
masked because of high variability. Carey et al. (1999) determined that there bas not been a
statistically significant increase in nitrate concentration during the period from 1979-1995. Table
5 (attached) from Carey et al. (1999) shows that almost all stations with data over this period
show no trend in nitrate concentration (i.e. accept null hypothesis of no change). This is an
important result as it is argued by the CENR authors that the size of the hypoxia region has
increased over this time period. .

Page xv. The authors state that a stoichiometric nutrient ratio approaching the Redfield ratio has
increased offshore primary production. This is not necessarily the case as production is defined
as biomass/time. Thus, increased production occurs by increasing nutrient concentrations (i.e.



increasing the mass of nutrient) not necessarily by approaching the Redfield ratio. However, a
changing Si:N ratio will affect diatom production.

Page xvi. The authors state that “Although the Mississippi and Atchafalya Rivers discharge
organic matter to the shelf, the principal source of carbon reaching the bottom waters in the
northern Guif influenced by the river effluent and characterized by hypoxia is from in situ
phytoplankton production.” This point is debatable (see the attached excerpt from Carey et al.
1999)

Page xvi. The authors state that there is no evidence for century long changes in freshwater
discharge. We do not understand why they state this as they later discuss how the Aichafalaya
River has increased from 15% of the total flow in 1900 to 30% of the total flow in the present.
Further, Carey et al. (1999) determined that total discharge from the river system has increased
by 11% since 1967. The increase in streamflow was also noted in the Topic 3 report.
nStreamflow in the Mississippi River also increased about 30% during 1970-83 as a result of -
increased precipitation. The increase in nitrate flux to the Guilf is attributed to both an increase in
nitrate concentration and an increase in streamflow.” (Topic 3, page 13) '

The authors state that “The maps of mid-summer extent of hypoxia provide a benchmark for
year-to-year comparisons, albeit they are minimal estimates of the total amount of scabed
subjected to hypoxia and not necessarily representative of conditions through the summer.”(Page
22) ‘This point is very important for 2 reasons, first, the temporal resolution of these data is poor
and more monitoring cruises arc needed to temporally describe the extent of hypoxia and,
second, these data maps are insufficicnt to adequately describe a year-to-year trend.

Page 32. There is a strong statistical correlation between river flow and the area of mid-summer
hypoxia for the years prior to the flood of 1993. After the flood this relationship does not hold
and the authors suggest that organic carbon burial in the sediments during the flood of 1993
contributed to the extensive area of hypoxia seen in 1994. The authors do not indicate whether
they believe this carbon is of marine or terrestrial origin. However, as organic carbon of marine
origin (phytoplankton) is generally a very labile source of carbon one wouid expect that this
carbon would be respired quickly by the microbes. If this is indeed the case then terrestrial
organic carbon would be the primary form stored in the sediments. Further, the flood of 1993
carried large loads of both nutrients and organic carbon. USGS data from Alton/Grafton,
Missouri from 1993 show that total organic carbon flux at this station was 7x higher than the
average for the previous five years (Carey et al. 1999). Respiration of this terrestrial organic
carbon in addition to marine organic carbon produced in 1994 may have contributed to the more
extensive hypoxia seen in 1994 under lower flow conditions. These results indicate the difficulty
in determining cause and effect relationships for hypoxia in this system.

Page 35-43. The authors sum up this section well with the closing sentence on p.43. As oxygen
dynamics are a function of both physical and biological processes more integrated studies of the
type the authors have been involved in in the past (e.g. NECOP and LATEX) are needed. More
work is needed to describe inter-annual variation in the development of the secondary pycnocline



Accept or

# of Degrees of ‘ Years Avera
Location Regression , v T Reject Null ge
g Cbservations  freedom Hy:;olhE:is analyzed conc, mg/l
Mississipp! River

Clinton, lowa (1986) NO3 vg time 46 45 0.0264 -0.1686 accepl Sept 79 10 Sept 86 1.241
Clinton, fowa (1891 on) NO3 vs time 76 76 0.2044 -1.8078 accepl Apr 91 to Sept 83 2.263
Royaiton NO3 vs time 89 87 0.1007 0.9444 accepl Sept 78 to Mar 95 0.200
Minnesola R. NO3 vs time 181 159 0.2157 2.784¢9 Reject Jan 73 to Mar 95

St. Paul NO3J vs time 0.917
Nininger NO3 vs lime 80 67 0.2540 2.1492 Reject Nov 798 to Mar 85 2.459
winona NO3 vs time 45 43 0.1727 1.1406 accept Jan 73 o Aug 86 1.441
wisconsin R. NO3 vs time 111 109 0.1528 1.6118

Clinton NO3 vs time ' Reject Sept 79 to Sept 83 1.921
Keokuk NO3 vs time 47 45 0.0133 0.0882 accep! Qcl 79 to Aug BS 2.359
liknois A. NO3 va time

Alton/QGraftan NO3 vs time 129 128 0.0312 -0.3516 accept Sept 79 lo Sept 94 2.878
Missourd R. NO3 vs time .

Ohio Aer NO3 vs lime

Memphis NO3 vs time 79 78 0.6016 -0.0136 accep! Oct 79 to Aug 84 1.520
Arkansas City NO3 vs lime 74 72 0.0432 -0.3869 accept Nov 74 to Feb 92 1.366
Vicksburg NO3 va lime 85 84 0.08468 -0.7732 accept Oct 79 to Aug 94 1.480
Beile Chasse NO3 ve tima 122 121 0©.01a89 0.2074 accept Sept 78 to June 95 1.420
lilnols River

vattey City, Il NO3 vs lime 104 102 0.1082 1.0094 accept Sept 79 10 Sept 93 3.837
wisconsin River

Muscoda, Wisc NO3 vs time 11 109 0.1628 '1.6116 accept Sepl 79 to May 85 0.525
Minnesota River .
Jordan, Minn NO3 vs time 50 48 0.3312 -2.4321 Reject Jan 73 to Aug 77 0.917
Ohlo River

Wheeling, W. Va. NOQA3 ve time 103 102 0.0113 0.1135 accept Aug 79 to Aup 95 0.923
Warsaw, Ky NOA vs time 43 42 0.0554 0.3555 aceept Sept 79 10 Aug B6 1.166
Grand Chain, it NOJ3 vs time 170 189 0.088% -1.,1481 accept Sept 79 to Juns 85 1.002

Table 5. Results of trend analysis of dissolved nitrate In the Mississippl River and its tributaries. D

ata from USQGS.



which is thought to control the morphology of the hypoxia region (Wiseman et al. 1997).
Without an understanding of this variation it will be extremely difficult to predict the
magnitude of hypoxia based on river discharge or nutrient and organic carbon loading.

Page 45. Peak flow occurs in March, April, and May. So the delivery of solutes and particulates
associated with peak flow coincides with warming of surface waters and concomitant increases
in microbial activity associated with increasing temperature. Trefry et al (1994) documented that
80% of the annual total organic carbon flux occurs between December and June. These data
along with N flux data, discussed on page 55 of this report, indicate that both organic carbon flux
and N flux are primarily a function of discharge. Stratification, which is the ultimate driver of
hypoxia, is also a function of discharge. As area of hypoxia, nutrient concentrations, and -

organic carbon concentrations all covary with discharge it is difficult establish statistical
correlations among these variables.

Page S1. The authors report that average nitrate concentrations have doubled from the time
period 1955-1970 to 1980-1996. Most of this change occurred between 1970-1983 and the mean
annual N flux has not changed since the early 1980°s. However, the authors chose to ignore that
the N flux is declining as illustrated in Figure 2. '

Page 53. Table 1 in the report documents a significant increase in dissolved inorganic nitrogen
concentration from the early 1960s to the middle 1980s. : _

Page 63. “Although the Mississippi River discharges organic matter and decomposition of some
of this organic matter could consume oxygen in the coastal ecosystem, the principal source of
organic matter reaching he bottom waters of the northern Guif of Mexico influenced by the
Mississippi River effluent and characterized by hypoxia is from in siru phytoplankton production
(Rabalais et al. 1992b, Turner and Rabalais 1994a, Eadic et al. 1994, Justic’ et al. 1996, 1997)."
See the attached excerpt from Carey et al. (1999) for a rebuttal to this arguement.

Page 63-64. Regarding the last two sentences from the bottom continuing to the top of p. 64:
We do not understand this arguement nor do we agree with it if they mean what they appear to
say. They say that the C:N ratio of marine phytoplankton is higher than the C:N ratio of
Mississippi River flux and thus sedimenting phytoplankton cells would contribute much more
carbon to hypoxic zones than riverine organic matter. However, this is not a correct comparison
as they compare the C:N ratio of phytoplankton (9.5-9.9:1) to the total-C:total-N ratio of the river
which includes both the dissolved and particulate fractions. If you look only at the particulate
organic matter fraction in the river (which is a more appropriate comparison to the phytoplankton
C:N) the C:N ratio averages 8.5:1 (Trefry et al. 1994). Further, sedimenting phytoplankton cells
are a small fraction of the vertical organic carbon flux (Qureshi 1995, Figure 55 on page 82 of
the report). Even so, the C:N ratio of the organic matter is not an appropriate number for
justifying the importance of marine vs. terres ial organic carbon vertical flux.

Page 63. “The amount of organic loading in the Mississippi River is not large enough to account
for the observed decline in oxygen over such a large area and volume (Tumer and Allen
1982b).”. We agree with this statement. Surely, oxygen depletion is due to microbial respiration
of both phytoplankton organic carbon and riverine organic carbon. There is too much uncertainty
about the ultimate fate of terrestrial organic carbon to discount it completely.



Page 71. The authors state that there is no clear relationship between bottom water chlorophyll
concentration (surrogate for phytoplankton concentration) and hypoxia. This result again
suggests the difficulty in determining cause and effect relationships for hypoxia.

Page 78. Second paragraph. The authors state that the spatial and temporal switching of the
primary nutrient (N, P, or Si) limiting phytoplankton production is poorly understood. This will
make it extremely difficult to implement effective TMDL. management plans aimed at reducing
phytoplankton production rates. This is an area of research that requires a Jot more work. .

Page 82. Figure 55 shows the total organic carbon flux to depth split into three fractions: fecal
pellets, phytoplankton, and other material. ‘While zooplankton fecal pellets (which may or may
not contain a large fraction of phytoplankton carbon depending on location and time of year)
make up 55% of the vertical organic carbon flux to the bottom, it is also apparent from figure 55
that the other material is the dominant fraction collected in the surface sediment traps and is often
the dominant fraction in the bottom traps. These results also show that often the other material is
the dominant fraction in the surface traps but is greatly reduced in the bottom traps suggesting
that this material is rapidly respired as it sinks through the water column and thus makes .a
significant contribution to oxygen utilization rates in the water column. The authors state that
this other material consists of molts, dead zooplankton, marine snow (particle aggregates
colonized by bacteria), and particles with adsorbed organic carbon but do not discuss the
percentage contribution of each fraction within the other material category:

Pagc 86. Section 6.8. We think this is one of the strongest portions of the report and contains
good theory and convincing data that changing Si:N affects the vertical transport of
phytoplankton organic carbon to depth. : : -

Page 91. We do not follow their calculations at the top of this page. They calculate that if N'
fluxes were 50% lower then this flux would support a daily production rate of 0.29 g C m?Z d?,

They then say that this translates to an annual production rate that would not exceed 25 g C m
- yr'. Wedonot know how they calculated this number as converting this number to a yearly rate
yields 0.29 x 365 = 105.85 g C m” yr”'. They then use an annual production vatue of 35 g C m?
yr* to make further calculations. We are confused about where they got this aumber as well.

Page 104. Figure 66. The 3'3C data used to determine the marine or terrestrial signal of sediment
organic carbon should be reevaluated in light of the recent work by Gofii et al. (1997). See
attached excerpt from Carey et al. (1999). '

Page 112. Figure 72. This figure showing geological (glauconite abundance) and biological
(diversity indices) data in relation to fertilizer use from 1900-1990 suggests that hypoxia has
increased in duration and intensity as fertilizer use increased throughout the century. However, a
coorelation in these numbers does not necessarily mean there is causation.



Excerpts from

Carey, A.E., J.R. Pennock, J.C. Lehrter, W.B. Lyons, and J.-C. Bonzongo (1999). The Role of
the Mississippi River in Gulf of Mexico Hypoxia. Final Technical Report. Environmental
Institute Publication Number 70. Prepared for the Fertilizer Institute by The University of
Alabama, Tuscaloosa, Alabama. 119 pp.

Q: What are the patterns for inorganic nutrient ratios and why are these ratios important?

A: The ratios between the major ions (nitrogen, silicate and phosphorus) have been shown to
have significant influence on phytoplankton species composition in aquatic systems. Turner and
Rabalais have shown that the nitrogen:silicate ratio in the lower Mississippi River has
approached 1:1 in recent years and suggested that this might have a major impact on
phytoplankton species composition and hypoxia.

Some studies (Dortch and Whitledge, 1992; Justic et al., 19952) suggested silicate limitation of
phytoplankton production at salinities less than 30% on the Louisiana shelf. These studies were
based on stoichiometric relationships of Si:N:P. Phytoplankton cells should have Si:N:P ratios
close to the Redfield ratio of Si:N:P of 16:16:1. If the Si:N ratio drops below 1:1 (16:16) diatom
production will become Si limited because the ratio of cellular demand for Si is greater than that
available in the water column. This analysis assumes that all other macro- and micronutrients
required for growth are available in excess. Generally, it is difficult to assess nutrient limitation
based solely on Si:N:P ratios because standing stock nutrient concentrations do not adequately
represent uptake and regeneration rates. For example, Stmith and Hitchcock (1994) determined
the turnover time of the inorganic dissolved P pool in the Mississippi River plume surface waters
during a summer high flow event was less than 10 minutes. Furthermore, Si is utilized only by
diatoms and thus does not limit production by the non-diatom phytoplankton community.

Silicate is important however in determining the species composition of the phytoplankton
assemblage (i.c., if silicate is present, diatoms are present). Corollary evidence for potential
silicate limitation is that NO; concentrations in the Mississippi River have doubled while silicate
(Si) concentrations decreased by half during the past century (Turner and Rabalais, 1991). As a
result of these changes, the Si:N ratio in the Mississippi River changed from 4:1 to 1:1. This
- change resulted in the current Si:N:P ratio equal to the Redfield ratio of 16:16:1 (Figure 12). The
trend of nutrient concentrations moving towards the Redfield ratio indicates that the Northern
Gulf of Mexico phytoplankton are growing under ideal nutrient concentrations and thus their
production has increased over time (Justic et al., 1995a; Rabalais et al., 1996).

Q: Have changes in phytoplankton species composition occurred and is this significant to the
hypoxia issue?

A: There is some evidence that phytoplankton species composition has changed in favor of
lightly silicified and non-diatom species during certain periods of the year. Some authors have
argued that this shift may increase the input of phytoplankton-derived organic matter to the
sediments on the Louisiana Shelf. However, lightly silicified diatoms and flagellates would
probably be less likely to sink than more heavily silicified diatoms. Similarty, flagellates are less




preferred by grazers and thus would be less likely to be incorporated in fecal pellet flux (a major
|_source of organic input to the sediments on the shelf).
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Figure 12. Nitrate, silicate and phosphorus concentrations measured at New Orleans
(open circles) and St. Francisville (shaded circles). +-1 standard error bars are
indicated for the annual average of monthly means. Figure adapted from Turner and

Rabalais (1991)



